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Transistor Characteristics and Circuits 


lerr yar 


їн the July 1957 issue of TECHNICAL 
Review an article by Oscar E. Pierson 
presented simplifed explanations of the 
phenomena of conduction by conductors 
and semiconductors, of the difference 
tween N-type and P-type semiconduc- 
tors, why the junction between x-type and 
p-type semiconductors has rectifying prop- 
erties and, lastly, how three-connéetion 
PNP or NPN transistors may be formed and 
how the current flow through them takes 
place, 

It is the purpose of this paper to exam- 
Ine the characteristics of transistors which 
result from the concepts and theories 
explained by Mr. Pierson, and to present 
їп a simplified and instructional way some 
of the features of the more common ele- 
mentary circuits in which they are 
employed. 


Symbols 


In order to talk about these devices 
effectively it will be necessary to use 
symbols of various kinds. Unfortunately, 
at the present time, there are a number of 
different symbols being used by various 
workers in the field to represent the same 
things. The ones used here are taken from 
the Institute of Radio Engineers’ Symbol 
Standard for Semiconductor Devices. 
‘The symbols for pwr and Nex transistors 
are shown in Figure 1, and are used, of 
course, without the lettering. As will be 
noted, the only difference is the direction 
of the arrow on the emitter lead which 
indicates the “conventional” (plus-to- 
minus) direction of current flow for low 
resistance conduction through the diode. 
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The forward direction of the collector 
diode is, of course, the same but the line 
representing the collector lead is left 
unmarked to differentiate it from the 
emitter without the need for the lettering 
which is not part of the symbol. 

‘Curves will be shown in the first quad- 
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BASE 
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rant regardless of the polarites involved. 

‘Where the letter Е with a subscript is 
used, it will mean the potential between 
the element indicated by the subscript, as 
Е for Emitter, and the common element. 

АП explanations will be made on the 
basis of PNP junction type germanium 
transistors. мех transistors have similar 
characteristics, so far as the explanations 
given here go, except that all polarities 
аге reversed. The explanations are valid 
for silicon transistors too. Silicon transis- 
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tors have much lower values of collector 
leakage current which, as will be seen, 
makes them more suitable for high tem- 
perature operation than ones made with 
germanium. 


Diode Characteristics 


И a circuit were set up like that shown. 
at A of Figure 2 and data taken and 
plotted, the usual diode characteristics 
Such as are shown at B and C would 
result. With everything left as before 
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except the connection shifted from the 
emitter to the collector, similar data would 
be obtained. These curves would be 
slightly different depending upon whether 
the remaining connection were left open- 
circuited or short-circuited to the base. 
‘Thus it is seen immediately that the 
impedance connected in either circuit will 
affect the other circuit. However, to 
account for this and certain other effects 
which take place in the various circuits 
to be described requires more advanced 
methods of analysis than will be used 
here. 

Tt should be noted that the curve, 
Figure 2B, showing the characteristic at 
low potential and current, has consider- 
able curvature but that Figure 2C, for 
high potential and current, is quite linear, 
the highly curved portion now being con- 
fined to such a small range as to be almost. 
unnoticeable. 


Grounded Base Characteristics 


Suppose the circuit is now added to, as 
shown in Figure 3, This arrangement is 
called the "common base" circuit because 
the base connection is common to both the 
emitter and collector, that is, input and 
output circuits, When data are taken, it 
will be found that the relationship 
between Es and Is is only slightly 
affected by the presence of a negative 
potential applied to the collector. The cur- 
rent in the collector circuit, on the other 
hand, is very dependent upon how much 
current is flowing in the emitter circuit— 
considerable or full current actually fow- 
ing in the collector circuit of some tran- 
sistors with no potential at all applied in 
it. Further, as the potential at the collector 
is made negative relative to the base, 
which is the reverse or high resistance 
direction of the collector diode, the cur- 
rent will rise, if necessary, until it 
approaches closely the value of the cur- 
rent in the emitter circuit. Further in- 
creases in Ес result in small increases 
in Ip such as might be expected through 
the back resistance of a diode. As the 
current Те rose, the value of In, which 
with the collector circuit open was equal 
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to Is, would drop, the following relation- 
ship holding: 


In=Iy—Ioorlo=Ie—Iy 


ance whose value depends entirely upon 
the particular point chosen. Symbolically, 


(dynamic) 


sistor's characteristics in this circuit one 
need be noted, Because it 
indicated earlier, the shape and location 
which the collector circuit 
collector votential divided 
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Figure 2, 


Restrictions on Use 

When a resistance load R; is added to 
the collector circuit, Eo will no longer be 
equal to Ecc, the collector supply poten- 
tial, but will be lower by the potential 
drop in Ry. When the emitter current is 
zero the only current in the collector cir- 
cuit will be the collector leakage current 
Too. This current may be very small in a 
good transistor so under these circum- 
stances Eo is very nearly Eoo. For this 
reason Ёсе must not be greater than the 
maximum rated Eo of the transistor. It 


То get a complete picture of the tran- 
can set Ев or I, to various preselected 
values and then vary Ес 
and note the relationship 
between Ес and Io which 
results. The relationship 
between Ey and Is has (zm 
already been determined 
зо only one or the other 
is useful to compare Is 
with Ip it has become the 
usual practice to note Ip although occa- 
sionally curves for values of E, are 
included, 4 

A typical family of transistor collector 
characteristics taken in this way on a 
small transistor is shown by Figure 4. As 
of the curves near the Ic axis may vary 
considerably from one manufacturer and 
catalog number of transistor to another. 
‘The shape of the curves farther out in 
the field, however, is generally correct 
for all transistors. 

"The slope of the curves 
represents the resistance 
would present to any vari- 
ation in Ес, such as would 
be caused by the presence 
of a signal if a load were 
Connected in the circuit 
as shown in Figure 5. 
‘This collector resistance is 
equal to the change in 
by the change in collector 
current which it causes. 
lt is called the collector 
dynamic resistance and is 
the same anywhere in the field that the 
slope of the curves is the same, as dis- 
tinguished from the 4-с collector resist- 
‘crouse 1987 


D] 
Figure 4. 
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may be made smaller to conserve battery 
power if the full power capability of the 
transistor is not required or if it is desired 
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only to control current in а low resistance 
load. 

Other restrictions on the use of the 
transistor are its heat dissipation capa- 
bilities and the maximum current which 
the junctions can pass without damage. 
The heating power in the transistor is 
very nearly Ic X Еск in this circuit. The 
‘maximum safe limit for this value is given 
by the manufacturer. Two such limiting 
curves are shown on Figure T. 


‘The Load Line 


If now I, is made to increase, as Ic fol- 
lows suit, Ex, will increase and Ecs 
decrease by а like amount. Thus if Ep is 
plotted against То as Ic varies, a straight 
line will be obtained such as 1, 2 or 3 
shown on Figure 4, depending upon the 
value of R; and Eco selected. The lower 
the value of Ri the smaller the potential 
drop for any value of 1с and consequently 
the steeper the slope of this plot which is 
known as the "load line.” 

The maximum power which can be 
developed in a load is proportional to the 
product of the potential and current sub- 
tended by its load line. These will be 
approximately the peak-to-peak values. 
The actual power will be the product of 
the root mean square values. These are 
equal to the individual peak-to-peak 
values divided by two and multiplied 
by 0.707. Thus the approximate actual 
power is the product of the values sub- 
tended by the load line divided by eight: 
Ere X Ire. 


tial drop from Ecc, a fixed potential above 
reference, while Ес represents a rise in 
potential from reference potential toward 
Ecc) 


Bias, Gain, Power 


tery 
which biases the circuit to point Py in the 
emitter circuit and point Po in the col- 
lector. Both of these points must be in 
linear areas of the curves И low distortion 
amplification is wanted. A signal potential 
applied in the emitter circuit may then 
cause variations in both circuits as shown. 
At first sight it may seem that this cir- 
cuit does not result in amplification since 
the signal current variations in the output 
Circuit are less than those in the input cir- 
cuit. However, amplification by a transis- 
tor circuit must be thought of on a power 
basis. Examining the situation from this 
point of view one sees that a peak-to-peak 
anal of one-quarter volt resulted in a 
peak-to-peak current variation of two 
milliamperes in the input circuit. This 
2-ma variation in tbe input circuit. showed 
up in the output cireuit as 19 ma but 
‘caused a peak-to-peak potential variation 
across the load of 10 volts. Thus the power 
‘gain G may be written as 


output power — Po. which ispropor- 
input power Ри 


If a load line is “laid in" to best ad- 
vantage, taking into consideration all the 


e here Ec is 
the point where it intersects the potential 
axis and [с the point where it intersects 
the current axis. (Вс and Rz have oppo- 
site slopes because Ex, represents а poten- 


easily found from Rr 


m 


= Mora gain of 15.8 db 


The fact that there is a little less power 
than there would have been had the cur- 
rent in the collector circuit been the same 
as that in the emitter, points up the im- 
portance of the ratio between them. Since 
it is different for different transistors, it is 
one of the important constants and may be 
defined as small change in collector 
current divided by the change in emitter 
current required to cause it, with the col- 
lector potential held constant.” It is called 
the “common-base short-circuit current 
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transfer ratio" The symbol for it is «i, 
the subscript indicating common base. 

‘The transistor used in this example, 
therefore, must have 


= 095 


m7" 
which is toward the lower limit for mod- 
ern transistors. 

When the curves are practically hori- 
zontal, as is the case in the common base 
connection, the current ratio changes very 
little with the insertion of @ load in the 


resistance of the transistor circuit. This 
may be obtained around the bias point by 
the incremental method. If one takes the 
peak-to-peak signal values of Figure 5 as 
increments, one would get for this case 

ЛЕ»‏ ك 

"ль 
Оп the output side one sees from the 
construction on the 4-ma curve of Figure 4 
that the emitter resistance of the transistor 
in this circuit is extremely high. A load 
line to match it would have equal but op- 


PEAK ТО ак 
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collector circuit, providing operation is 
kept away from the axis. In this case one 
may say 


Pry = іту and Р, = ( =), whence. 


б=« 2 

For most efficient use of the signal 
power available from the source, its im- 
pedance should be matched to the input 


остов 1957 


posite slope and lie so close to the zero 
axis that no appreciable power would be 
developed in it. If the output resistance of 
the amplifier must match the impedance 
of the load it can be made to do so by the 
proper application of feedback. 


The Common Emitter Configuration 
In addition to the common-base con- 
figuration, which has been examined, а 
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transistor may be connected into a circuit. 
with either its emitter or collector as the 
common connection. Of the three possible 
arrangements the common emitter circuit. 
is the most used. In this circuit, an ele- 
mentary form of which is shown by 
Figure 6, as in the common-base circuit, 
the currents in the emitter circuit and 
the collector circuit, when there is no load 
resistance present, are related by «i, the 
difference between the two flowing in the 
base circuit. The ratio of the current in 
the base circuit to that in the emitter tends 
to remain fixed and is, therefore, as before, 


= «Ив 


sipated, a conservative design for use in 
ambient temperatures as high as 55 de- 
grees С (131 degrees F) would probably 
bbe restricted by the Ty = 70 degrees C 


Here load line No. 1, representing а 
eo 
935. 
develop an approximate power output of 

p, = Sx 035 
8 
Load line No. 2 would have a resistance 


49 33 ohms and be capable of 


resistance of Ry, = 80 ohms, would 


=56wi 


of Ry 


The common emitter short-circuit cur- 12 

rent transfer ratio =, then is developing approximately 

En pom X12 eua‏ _ اھ ے Ale‏ ے,ے 
"OM Dls «ыы 1< 8‏ 


(The symbol В is very commonly used 
in the literature in place of =, and « in 
place of «,) 

This turns out to be 19 for a transistor 
with an «y of 0.95 and rises rapidly аз 
s, increases. 


TRM, 


The collector family for a power tran- 
sistor connected in the common emitter 
configuration is shown by Figure 7. Here 
the useful field is bounded at the top by 
the maximum collector current which 
could ordinarily be usefully employed, on 
the lower right by the maximum safe col- 
lector to emitter potential, and between 
these by two curves of maximum allow- 
able dissipation. These curves apply to 
two different temperatures of the mount- 
ing to which higher power transistors must 
be affixed to aid in the dissipation of heat. 
Since the temperature of the mounting 
would necessarily be raised somewhat 
above the ambient temperature by the 
relatively great amount of heat to be dis- 


n 


of signal power output. No. 3's resistance 


is R, = 2% = 87 ohms and its approxi- 


mate power capability 


р. = ХЗ Lgs watts 


Maxi. озата 
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Figure 7. 


Although all these load lines are capa- 
ble of giving almost the same power out- 
put, it should be noted that the power i 
put required to drive the transistor varies 
widely in the three cases. 
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Load line No. 1 requires а peak-to-peak 
input swing from 0 to 10 ma to produce 
maximum output, No. 2, 0 to 20 ma, and 
No. 3, 0 to 50 ma. If the input resistance is 
assumed to be constant the relative input 
powers required for full output will vary 
as the square of the current ratio or 25 to 1 
from the No. 3 to the No. 1 load line, which 
is а difference in gain of 14 db. 


Linearity 


In the common emitter configuration 
neither the input circuit characteristic nor 
the field of the collector family is usually 
very linear. Because of the high current 
multiplication between the base and col- 
lector the base current is now relatively 
small. Thus the relationship between the 
input current to the base and the input 
potential has the shape of the low potential 
and current characteristic of Figure 2B. 
Here the same increment of potential 
gives larger and larger increments of cur- 
rent as the potential gets higher. The 
emitter family, on the other hand, shows 
smaller and ‘smaller spacing between 
curves for the same increment of input 
current, as the higher values of current 
are reached. 

These two effects tend to offset one 
another. Driving the input circuit from а 
greater than zero impedance generator 
tends to linearize it. If just the right com- 
bination of generator impedance, base bias 
potential, load resistance and Есе can be 
found, distortion can theoretically be re- 
duced to a minimum. However, when it is 
realized that the manufacturers’ toler- 
ances for maximum and minimum values 


concludes that careful design work here 
is unwarranted and that reliance must be 
placed in negative feedback to reduce dis- 
tortion, as well as to show a match to the 
load impedance. 


А Reminder 


Perhaps it would be well to remind the 
Prospective experimenter that if an out- 
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put transformer is interposed between the 
load and the emitter circuit, Eee should not. 
exceed one-half the maximum rated emit- 
ter potential. This is because as the cur- 
ent in the transformer is reduced below 
the bias value, the collapsing field will 
generate an emf which adds to Ece pro- 
ducing a total potential approximately 
twice its value. 


One Word on Switching 


When the transistor is used in switch- 
ing, a load line such as No. 4 of Figure T 
may be employed, providing the transition 
from the "on" condition represented by 
point A to the "off" condition represented. 
by point B is made quickly enough and in- 
frequently enough so the average dissipa- 
tion remains below the allowable. When 
а load line such as this is used, precau- 
tions must be taken to avoid the possibility 
of the potential at the base ever getting 
"stuck in the middle" even if the control 
circuit goes short or open. 


‘The Commen Collector Circuit 


‘The last circuit to be dealt with is the 
common collector configuration which is 
shown by Figure 8. The circuit as drawn 
at A makes it clear that the collector is 
actually the common element, while the 
arrangement at B shows more clearly that 
В, is common to the input and output 
circuit. 

"The bias potentials and the potential 
drop across Rz have polarities as marked. 
If the instantaneous signal potential has 
the polarity shown it will increase the 
current flow in the transistor causing en: 
to increase. This increase in ey, subtracts 
from the total potential around the input 
loop and is, therefore, degenerative and 
may approach but not equal es. This re- 
veals the common collector circuit to be 
an emitter follower. The virtues of this 
type of circuit are high input resistance, 
low distortion and, with proper design, 
the ability to present a matching resist- 
ance to the load. 
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Figure 8. 


Thermal Runaway 


‘Transistor constants tend to vary with 
temperature. One of the most widely vary- 
ing is the collector diode reverse or leak- 
age current Ico. This current, which in a 
small germanium transistor at room tem- 
perature may be a few microamperes and 
in a high-power unit as high as а milli- 
ampere or more, may tend to be twenty 
or more times this value at higher operat- 
ing temperatures. To make matters worse, 
їп the much used common emitter circuit, 
aside from the modifying effect of circuit 
considerations, it tends to be multiplied by 
+. Unless the circuit considerations are 
such as to forestall this event, the rise in 
current may be great enough to bring the 
Circuit to an inoperative condition. 
Another unfortunate possibility is that the 
increased heating due to the increased 
current will initiate a vicious circle in 


which the increments of each factor are 
constantly greater so that thermal stability 
will never be reached and the transistor 
will destroy itself. This phenomenon is 
known as “thermal runaway.” 

A number of ways of mitigating this 
effect are described in detail in the stand- 
ard texts. Two of the simplest are shown 
by the circuits in Figure 9. Both of these 
depend upon d-c feedback. 

In the circuit shown at A the biasing 
potential for the base is obtained by con- 
nection to the collector. If the average 
collector current tends to increase, the 
drop in potential across the load resist- 
ance will tend to reduce the bias on, and. 
the current in, the base circuit. This re- 
duction is multiplied by «<, and will hold 
in check the amount by which Io tends to 
increase. 

The arrangement at A cannot be used 
when the load has a low d-c resistance 
as in the case of the primary of an out- 
put transformer. In the circuit shown at 
B, which works under any circumstances, 
В, and В; should be of as low resistance 
within reason as the power supply can 
afford without appreciably lowering the 
input resistance of the circuit. This will 


fix the potential at the base and the cur- 
rent in Е. will reach equilibrium when 
the potential drop across it is equal to the 
potential across Ra minus the base-emitter 
potential required to cause this particular 
Salue of current to flow. 

The greater the value of Rs the more 
control that will be exerted. 
The ratio of Ry to Ra and 
the magnitude of Ra will fix 
the bias value of the cur- 
rent, Any tendency for the 
current through the transis- 
tor to increase will tend to 
reduce the potential ` be- 
tween the base and emitter ы 
and thus the current, 
whence the effect will be 
before. 
Elimination of the bypass 
capacitors C will allow neg- 
ative feedback at the signal 
frequency to take place and 
reduce the gain. Feedback 
in the circuit as shown at 
А reduces the input and 
output resistance, the type 
shown at B causes them to 
increase. 


Multistage Circuits 


When more gain is re- 
quired than can be obtained 
from a single transistor 
additional units may be 
connected in series cascade 
until the required charac- 
teristics are obtained. It is 
customary to use as the first 
transistor as small a one as 
is available which will com- 
fortably handle the input 
signal level. The following one's capabil- 
ities should bear a similar relationship to 
the output of the first, and so on until a 
transistor with the necessary power out- 
ut is reached. 

‘This is because, all other things being 
equal, the higher the power a transistor 
is able to handle the lower its upper limit 
of frequency response and the greater its 
остова 1957 


Тов. As regards the first item, the disad- 
vantages of using large transistors 
throughout are obvious if as good as possi- 
ble high-frequency response is an objec- 
tive. High Ico makes bias point stabilization 
more costly of battery power and possibly 
of components as well. 


figere 10. 


‘Transistors may be coupled to one 
another either directly, by means of RC 
networks, or by transformers, Because 
there is no current gain in a grounded base 
stage it should not be direct or RC coupled 
to another grounded base stage or а 
grounded emitter stage. (This is not 
necessarily true of point contact type.) 
Grounded emitter stages may be coupled 
by any of the three methods and any of 
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the configurations may be coupled by 
‘transformers. Unless as good a match can 
be achieved without it, greatest gain will 
be obtained through the use of a trans- 
former which matches the “maximum 
power gain load line” that can be laid in 
on the collector family, to the input resist- 
ance of the next stage. Figure 10 shows 
circuit arrangements of two-stage ampli- 


Conclusion 


The reader must understand that Mr. 
Pierson’s paper and this one only scratch | 
the surface in their respective fields. Con- | 
sidering the early state of transistor de- | 
velopment, present knowledge is far ad- 
vanced and indicates that the possibilities | 
and problems in the future development 


fers using each of the types of coupling of the transistor and its circuits are both 


mentioned. 


enormous. 
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Transmission Speeds and Pulse Lengths of 
Commonly Used Five-Unit Start-Stop 
Printing Telegraph Codes 


1м ORDER to provide а source of ready 
reference for engineers and maintenance 
personnel who frequently require infor- 
mation concerning the pulse lengths and 
speeds of the many different five-unit 
start-stop teleprinter codes used by West- 
егп Union and interconnecting communi- 
cations companies, the table reproduced 
on the following page has been prepared. 
This table gives useful data on all of the 
five-unit start-stop teleprinter codes used 
by Western Union, as well as data on some 
codes which are not now used in our serv- 
ice but which are frequently encountered 
in international communications. 

When the five-unit Baudot code was 
originally adapted for use with start-stop 
aratus by adding a start 
top, or rest, pulse, the start 
and stop pulses were made the same 
length as the code pulses, resulting in a 
code having seven pulses of equal length. 
The term “seven-unit code" has been gen- 
erally adopted to describe such a code. A 
more accurate but less commonly used 
term is “a five-unit code with a seven-unit 
pattern. 

Tt was found that the operating margin 
of some of the early printing telegraph 
apparatus could be improved by making 
the stop pulse longer than the start and 
code pulses. Consequently, the rest pulse 
length was increased to 142 times the 
length of а code pulse. The question is 
often raised as to how an odd figure such 
as 142 came to be chosen. One plausible- 
sounding story is that the engineer who 
designed the first faceplate distributor in- 
tended to make a 7.5-unit faceplate. He 
calculated the angular length of the code 
and start segments, then turned over the 
job of laying out the faceplate to a drafts- 
man, with instructions to provide slots 
between adjacent segments. The drafts- 
man laid out the faceplate as instructed 
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without shortening the angular length of 
the code and start segments to compensate 
for the slots. The rest segment was then 
shortened to compensate for all of the slots 
and it turned out to be 142 times the 
length of the other six segments. The first 
models of the faceplate were made before 
the error was discovered and it was de- 
cided that it would be simpler to adjust 
the motor governor to obtain the speed 
necessary to give the correct length code 
pulses than to make a new faceplate. If 
this story is true, the error proved to be a 
convenient one when 1800-rpm synchro 
ous motors came into wide use. In order 
to obtain а 7.5-unit code pattern with the 
22-millisecond code pulses already in use, 
the speed of the transmitting shaft would 
have to be 60 + (0.022 X 7.5) = 30363 
rpm. With the small gears used in tele- 
printers, there is no practical gear ratio 
which will give this speed when an 1800- 
rpm motor is geared down by means of a 
single pair of gears. 

In every code shown in the accompany- 
ing table the start and five code pulses are 
all equal in length, but the rest pulse 
length may be 1. 1.42, or 1.5 times the code 
pulse length. All speeds and pulse lengths 
given in the table are nominal. The actual 
lengths may vary somewhat due to neces- 
sary compromises in gear ratios and to 
rounding off of calculated angular dimen- 
sions. 


‘The average number of words per min- 
ute shown in the third column is obtained 
by dividing the speed in operations per 
minute by six, on the assumption that an 
average word requires six operations of 
the teleprinter, including the space be- 
tween words and any other nonprinting 
function of the teleprinter such as letters 
shift. figures shift, carriage return, and 
line feed. 

The fourth column gives the speed in 

PRINTING TELEGRAPH CODES 


oe 


ee 


Frve-Uxır Ѕтавт-8тоғ Panera Тезовағн Coors 


Sa 
coss TRANSMITTING SPEEDS | IN MILLISECONDS! 
ree 
Gone T fasl к 
© ESS Ei ا‎ 
vast” e — = == — 
= eed те Ss | SE 
سے‎ | aves | rore ЕЕ 
таган | зав | enm [458] 22 [m [azo [з [Bell Systemu. 
T-Unit | 390" 65 4545 | 22 |2 420 |154 | Western Union—U.S. 
T5-Unit | 400** 66.67 | 50 20 |30 4615 |150 |C.C.LT. Standard—Europe 
742-Unit | 404** 67.33 50 20 284 | 461.7 |1484 | U.S. Military, for Inter- 
operation with Alles. 
7-Unit |4286**| 7143 | 50 20 |20 461.5 |140 | Former С.СІТ. Standard 
ж Жөе 
742-Unit | 460 7667 | 56.88 | 1757 | 25 525.7 |13043| U.S.—AII Commerical and 
| | Military Users 
тайый таз [зт [118 [685 |100 [US —All Users 
T-Unit таз | 184r зат | 685 | 943 | US ману Liited Un 
| 


"These two codes are compatible 
"These three codes are compatible 
***These two codes are compatible 


 bauds for each code. A baud is the recip- 
rocal of the length in seconds of one code 
pulse; in other words, a baud is the maxi- 
mum rate of transmission in pulses per 
second. Thus, for a code with 22-ms pulses 
the speed in bauds is 1 = 0.022 = 4545. 
In general, two codes are compatible if 
their speeds in bauds are equal and the 
receiving shafts of the two teleprinters 
operate at the same speeds. 

The abbreviation "C.C.LT." given in the 
last column stands for the Consultative 
Committee on International Telegraph, an 
organization devoted to development of 
recommended international standards for 
telegraphy. The standards recommended 
by this Committee have been adopted in 
‘most European countries. 

Until very recently the use of a T-unit. 
code at speeds higher than 390 opm had 
been considered inadvisable because of the 
reduced margin of operation expected 
with a short rest pulse. The selector arma- 
ture of a teleprinter must be in the mark- 
ing position at the time the receiving shaft 
в 


completes a revolution so that the receiv- 
ing shaft will stop briefly at the end of 
each revolution and thus remain in start- 
stop synchronism with the transmitting 
apparatus. On a teleprinter geared for 
600 opm, the receiving shaft rotates at 685 
rpm and the time required for one revolu- 
tion of the shaft is 60 + 685 = 0.0876 
seconds. The length of one pulse at 600 
opm is 1347 ms and the length of a 7-unit 
signal train compatible with this code is 
1347 X Т = 9429 ms. Thus, the take-up 
time of the receiving shaft clutch must not 
exceed 94.29-87.6 = 6.69 ms. If the take- 
up time does exceed this value, the shaft 
will not complete а revolution before the 
end of the rest pulse and the receiver will 
be out of synchronism during the follow- 
ing signal train. 

When a requirement for a T-unit code 
with 13.47-ms pulses developed, tests were 
made on Model 28 teleprinters and 
printer-perforators to determine the prac- 
ticability of such a code. It was found that. 
the receiving apparatus performed satis- 
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factorily at this speed with ample margin 
of operation. The code was then adopted 
for this special requirement. This code is 
the last one listed in the accompanying 
table. 

It will be noted from the table that the 
speeds frequently referred to as "60-word" 
and "T5-word" are actually 6133 and 
76.67 wpm, respectively. Also, а 742-unit 
code pattern is frequently referred to as 
а “seven-and-a-half-unit” code. Use of 
such "verbal shorthand” in referring to 
the speeds and code patterns occasionally 


leads to misunderstanding and should be 
avoided. It is preferable, for example, to 
designate the speed in operations per 
minute. 

Start-stop teleprinter codes which con- 
tain five intelligence pulses are referred 
to as fivelevel, five-channel, ог five-unit 
codes. All three of these terms mean 
exactly the same thing. Intelligence pulses 
are also frequently referred to as "bits" 
and the baud speed as “bits per second." — 
Fazo W. Surm, Assistant to Apparatus 
Engineer. 
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Some Aspects of Telegraphic 
Data Preparation and Transmission 


Principles and equipments long knows and widely employed in he telegraph абыну 


have demonstrated their value for 
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most present day 
interest centers 1а. 
‘equipment errors, a 


‘Tax enormous growth that is. taking 
place in the electronic generating, proc- 
essing, and recording of data is making 
new demands on telegraphic communica- 
tions. Because of the growing volume and 
the statistical nature of data, these de- 
mands stress economy and accuracy. 


Preparation of Data for Transmission 


Accuracy in the telegraph transmission 
of data must start with the original prep- 
aration of the data in a character-coded 
orm for introduction into the transmis- 
sion system. If this is done from the stor- 
age of a machine, suitable electronic cir- 
cuitry can be provided to insure accuracy. 
In most cases, however, human effort is 
required in transcribing from the original 
typewritten forms and reports. It is tele- 
graph experience that human errors in- 
volved in this original transcription far 
outnumber subsequent equipment and 
line transmission errors. Unfortunately, 
they are the most dificult to detect. 

One technique which holds considerable 
promise for practically eliminating tran- 
scription errors is electronic character 
sensing. In this technique, the characters 
in the original copy are photoelectrically 
sensed and recognized, and a punched tape 
is prepared automatically. Excellent re- 
sults have already been obtained where 
strict controls can be applied to the orig- 
inal printed copy, but considerably more 
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work remains to be done before the flexi- 
bility, economy and reliability are ob- 
tained that are needed in general tele- 
graph applications. 

System designers are constantly trying 
to achieve accuracy and economy in the 
transcription of data into a form suitable 
for transmission by transferring {о ma- 
chines as many of the fixed and repeti- 
tive functions as is economically and tech- 
nically feasible. Telegraph equipments 
and techniques are widely applicable in 
this field. In many organizations the 
mechanization of office paper work is 
being accomplished by maintaining files 
of prepunched tape containing fixed data 
and control code combinations. These tapes 
are used to prepare a printed document 
and a complete tape of each new trans- 
action. It is necessary to insert by key- 
board only the variable data pertaining to 
the particular transaction, The complete 
tape can be transmitted to other points in 
the organization for producing partial or 
complete tapes and printed copies, At 
these points, the new tapes can be used for 
processing the transaction further, апу 
additional data that may be needed being 
added by keyboard. 

Edge-punched cards which have the 
telegraph code punched along one edge are 
also being used for the storage of data. 
The cards are more durable and are filed 
more easily than punched tape. At pres- 
ent they are only punched but plans are 
under way for equipments that will both 
punch and print the cards. Magnetic dises 
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of the type used оп dictating machines 
appear to have advantages where small 
amounts of data must be stored and 
selected at random for preparing docu- 
ments. The discs are durable, have a fairly 
large storage capacity, can be fled along 
with the documents, and can readily be 
erased. Development work is now in prog- 
ress on this type of equipment. 

In some instances of transcribing data, 
the process is essentially that of entering 
variable data on one of a number of fixed 
forms. One way of mechanizing this 


Carriage position register that indicates 
each of its 72 positions, and a line register 
that indicates each of 20 lines on the form. 
Sixteen different line programs can be set 
up on the plug board. 

‘At the top of Figure 1 is shown part of 
the printed form, and below is shown the 
tape produced. The line programs will 
саше the character or a combination of 
Characters shown below the tapes to be 
inserted automatically when the printer 
Carriage arrives at designated positions. 
By means of the line position register, any 
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process is to provide for each type of form 
а removable program panel that will cause 
the fixed information to be entered 
automatically. 

А prototype setup has been made, con- 
sisting of a telegraph page printer, а 
printer-perforator, a transmitter, and a 
plug board apparatus, for off-line use in 
typing а printed form and at the same 
time preparing a printed perforated tape 
for use in further processing or trans- 
mission. The printer is provided with a 
остом 1957 


line program сап be made effective at any 
desired line on the form. Generally, sev- 
eral lines on a form will use the same 
program. Inserted characters may advance 
the printed carriage to the next field on 
the form, or may convey any kind of fixed 
information. If desired, characters may be 
punched in the tape only, for use in fur- 
ther processing. The operator key-strokes 
only the variable information, shown 
above the tapes, thus reducing the possi- 
bility of human error. 
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Line Facilities for Data Transmission 


Before the data processing revolution, 
telegraph transmission was mostly of dis- 
crete messages, prepared by humans and 
read by humans. Telegraph transmitting 
and receiving equipments capable of 
speeds of 65, 15 or 100 words per minute 
with the 5-level telegraph code were eco- 
nomically satisfactory for that traffic. Now, 
with machines producing and consuming 
data in increasing amounts, there is a 
growing need for transmission facilities 
that are economical for the bulk trans- 
mission of data. Usually this requirement 
is expressed in terms of “high-speed data 
transmission.” In most cases, however, 
high speed is not the essential element but 
rather is the generally accepted means of 
meeting the requirement. 

"The 3-ke voiceband is the vehicle for all 
of the trunk or long-haul circuits in the 
present Western Union plant. Each of 
these 3-ke bands is divided into two half- 
bands. Each half-band has a useful spec- 
trum from approximately 225 to 1625 
cycles and is frequency-divided into nine 
telegraph channels that are suitable for 
speeds up to 100 words per minute. 

Since the half-voiceband is available 
throughout its plant, Western Union has 
turned its attention to the development 
of suitable terminal modulating and de- 
modulating equipment for using these 
hal-bends for the high-speed transmis- 
sion of data. This work is nearing com- 
pletion, and tests indicate that а signaling 
speed of about 400 cycles per second is 
practicable. In computer language, this is 
800 bits per second, or somewhat more 
than ten times the signaling speed of a 
100-word-per-minute telegraph channel. 

Jn addition, plans are under way for 
providing а telegraph channel of about 
1/8-volceband width, which will be suit- 
able for a signaling speed of around 100 
cycles per second, or 200 bits per second. 
‘Such a channel can be used by one IBM 
transceiver circuit operating at the rate of 
11 cards per minute, or for the transmis- 
sion of T-level paper tape at the rate of 
200 words per minute. 

Western Union pioneered in the devel- 
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‘opment and application of frequency mod- 
ulation for telegraphy. Its trunk line plant 
‘comprising several million channel miles 
is operated by this method. As a result, 
the company enjoys a unique resistance {0 
errors due to changes in the transmission. 
characteristics of the voiceband and errors. 
due to fortuitous interference. 

‘Regenerative repeaters are not nor- 
mally required even though several sec- 
tions of carrier channels are operated in 
tandem. Therefore, 6, 7 and 8-level or 
even higher level data codes can readily 
be transmitted over line facilities that are 
in general use for 5-level code transmis- 
sion, 


Accuracy in Data Transmission 

Error detection and assuring accuracy 
in transmission is a problem that is not 
unique to long distance transmission of 
data. As is well known, computers and 
other data processing systems that trans- 
mit data within the same machine, and 
possibly to other machines a few feet 
away, are replete with error detecting ai 
Tangements. Transmission systems are 
subject to more extraneous interferences 
but even if these were not present it 
would be necessary to protect against 
equipment and component failures, Many 
schemes have been devised for providing 
error detection and invariably they re- 
quire redundancy; that is, the transmission 
of more information than is necessary to 
convey the intelligence. 

Examples of vertical checking codes in 
which the redundancy is individual to 
each character are the odd or even parity 
codes, and the codes having a fixed ratio 
of marking and spacing pulses. The parity 
codes may be 5, 6, 7 or 8-level codes, but 
їп any case each valid code combination 
has an odd number of marking pulses 
when an odd parity check is employed, ог 
an even number of marking pulses for an 
even parity check. 

It is almost universal practice for elec- 
tronic computers that operate with both 
alphabetic and numeric characters to em- 
ploy a 7-level code. Six of the levels define 
the character and the seventh is for the 
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purpose of obtaining a parity check. Un- 
fortunately, the assignment of characters 
to the code combinations varies for prac- 
tically every computer manufacturer. 
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Examples of the fixed ratio codes are the 
familiar 8-level code where all valid code 
combinations have four marking pulses, 
the 7-level code where all valid code com- 
binations have three marking pulses, and 
the 5-level code where all valid code om- 
binations have two marking pulses. 

While the fxed ratio 
codes are more redundant 
than the parity codes, they 
are less subject to compen- 
sating errors. For example, 
the loss or gain of two 
pulses is undetected by 
parity codes but is caught 
by the fixed ratio code. Both 
types of code fail to detect 
loss or repetition of com- 
plete characters. À common 
method of guarding against. 
this is to organize the data 
into groups having a def- 
inite number of characters 
and transmit a signal after 
each group. Both types of 
code fail to detect a loss and 
gain of a pulse within the 
same character. One method of increasing 
the effectiveness of parity codes is shown 
in Figure 2. A 7-level odd vertical parity 
check is combined with horizontal check. 
After each block of data there is inserted 
а character chosen so as to make each of 
the seven levels have odd parity. 

Transmission within a computer is 
usually on a parallel basis. Each level of 
the code is transmitted by components in- 


Figure 3 
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dividual to the level. Faults are generally 
confined to one level. The vertical parity 
code is very effective for this mode of 
operation. 

Over a communication line, code pulses 
are transmitted in serial form. Fortuitous 
faults are very apt to affect two or more 
adjacent pulses within а character. Some 
tests made over а marginal line indicated 
that -level vertical parity checking de- 
tected about 90 percent of the errors. A 
horizontal parity check applied to groups 
of approximately 60 characters detected 
approximately 99 percent of the errors. It 
is reasonable to expect that a combination 
of the two would have been almost 100 
percent effective. 

Clearly there are many problems to be 
solved before a telegraph switching sys- 
tem can be designed which will accom- 
modate these various codes and checking 
systems and yet have the general appli- 
cability of present systems that operate on 
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the S-level code. Considerable thinking is 
being done along these lines and, probably 
more important, a RETMA committee 
composed of representatives from commu- 
nication companies and computer manu- 
facturers is attempting to standardize code 
practices. Meanwhile, immediate demands 
for the transmission of the various codes 
and checking systems will be met by con- 
version units or custom tailored systems 
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Multistation 7-Level Data Transmission 
with Error Detection. 


Figure 3 shows equipment used at one 
station of a recently developed multista- 
tion system which will permit a central 
station and as many as eight outstations to 
share one line circuit, The equipment 
transmits tape perforated with а T-level 
odd parity checking data code, and checks 
each character for parity at the receiving 
station. Commercial Controls tape readers 
and punchers and Model 28 printers are 
used in the system, 

‘To send a data message from any out- 
station, one inserts the 7-level tape in the 
reader and depresses a request button. 
When the circuit is idle, the station is 
automatically connected to it and the mes- 
sage is transmitted into the central station, 
The central station can similarly send a 
message to any outstation by depressing 
the appropriate push button. When the 
circuit is idle, the outstation will be 
selected automatically and the message 
transmitted. 

‘As each received character is punched 
їп the tape, an odd parity check is made. 
If the check is not met, the transmitter is 
stopped, alarms are actuated at both the 
sending and receiving stations, and the 
printers are cut into the circuit, The op- 
erators use the printers to determine what 
action to take, Generally the tapes are set 
back to the same point, and at the receiv- 
ing end the errored portion of the message 
is “rubbed out" by overpunching. Then 
transmission is resumed. 


5-Level Code Transmission with 
Error Detection 


‘The foregoing illustrates a method of 
error detection employing a 7-level code. 
‘However, the public telegraph system and 
‘most private wire networks—both com- 
mercial and military—operate with the 
5-level telegraph code. Since this is the 
common telegraph language there are а 
large number of business machines and 
other data equipments in daily use that. 
function with 5-level tapes. Telegraph 
Company engineers have, therefore, de- 
ма 


voted much of their effort to developing 
methods of error detection and correction 
in 5-level code transmission. 

Before considering error correction, an 
acceptable method of error detection for 
the 5level code must first be developed. 
As a background for the method now to be 
described, а successful application of a 
programmed accuracy check will be 
reviewed. 

When data consist of groups of figures, 
adding each group and transmitting the 
total provides a very effective method of 
error detection. The receiving station per- 
forms the same addition and determines 
whether its total agrees with the trans- 
mitted total. This method of error detec- 
tion is limited to numeric information, but 
it provides an effective foundation for the 
development of a method for checking 
‘both alphabetic and numeric characters 
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Figure 4. Peyrel ond monegement control date 


Western Union is making extensive use 
of this type of accuracy check їп trans- 
mitting its own payroll and other man- 
agement control data over its public mes- 
sage system. In’ field offices perforated 
tapes containing operating data entirely in 
numeric form are prepared on add-punch 
machines. These adding machines prepare 
а printed tape and a perforated tape. 
Figure 4 shows the information extracted 
from an employee's daily work report. 
АШ of the information is entered into the 
add-punch machine in four groups of 
digits. A “nonsense” total is calculated and 
recorded automatically on the printed 
tape and in the perforated tape. 
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‘The tapes are then transmitted to di 
sion headquarters where they are con- 
verted to punched cards. The cards are 
run through computers for the automatic 
preparation of payrolls and management 
control reports. To insure accuracy the 
‘computer also adds the numbers in each 
group and compares the total with the 
transmitted nonsense total. If they do not 
check, the сага is rejected and a rerun is 
requested. 

‘The nonsense total method of error de- 
tection has proved to be very satisfactory 
in practice, and an error 
which was not detected by 
this check has yet to be 
discovered. 


EDIT 


Western Union is devel- 
oping a system that will 
provide error detection and 
correction for data consist- 
ing of both alphabetic and 
numeric characters. This 
system employs a totaling 
technique somewhat similar 
to the nonsense total in that 
the marking pulses in a line 
of data are totaled on a 
weighted, binary basis. The 
system employs equipments 
at the sending and receiving ends of a 
circuit for providing error detection and 
correction while transmission is taking 
place. 

The transmitting equipment can send 
tapes already having checking information 
or can automatically insert checking in- 
formation after each line. In either case, 
the transmitter will stop after sending the 
checking information for each line of data 
to await instructions from the receiving 
station. The receiving equipment checks 
each line of data with its associated check- 
ing characters. If the check indicates no 
error, the transmitter is signaled to send 
the next line. If an error is indicated, the 
reperforator deletes the errored line from 
the tape and signals the transmitter to re- 
peat the line of data. This type of system 
has been christened EDIT, which has а 
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significance other than its literal meaning 
—it is “Error Deletion by Iterative 
Transmission." 

Figure 5 shows the prototype EDIT re- 
perforator used at the receiving station. It. 
is arranged to handle 5, 6, 7 or devel 
tapes. It has both punching pins and sens- 
ing pins which are one character apart. 
Immediately after a character is received 
and punched, the tape is advanced to its 
next position, where that character can be 
read by the sensing pins. In this manner, 
characters are read for error checking 
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Figure 5. Prototype EDIT repertor 


purposes. To "rub out" a line of data hav- 
ing an error, the tape is back-stepped with 
all punching pins operating to overpunch 
each character. The sensing pins deter- 
mine how far to back-step. The EDIT 
transmitter also is arranged for handling 
5, 6, 7 and S-level tapes. It can step and 
read the tape either forward or backward, 

‘The reperforator and transmitter op- 
erate on a parallel input-output basis. 
Electronic distributors are associated with 
them for serial operation over a telegraph 
circuit. They may be operated at regular 
telegraph speeds of 65, 75 and 100 words 
per minute, or at higher speeds up to 200 
words per minute. 

With suitable associated circuitry, the 
EDIT equipments can be used for error 
detection and correction in the transmis- 
sion of any of the 5, 6, 7 or 8-level code 
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systems. However, this diseussion will be 
limited to a system that has reached the 
prototype stage, in which error detection 
is applied to the standard 5-level telegraph 
code. 

The redundant error checking informa- 
tion is contained in two code combinations 
that are inserted after the "carriage re- 
turn" that denotes an end-of-line. This 
signal for inserting the error checking in- 
formation could be two "carriage returns" 
or, for that matter, any character or com- 
bination of characters that is not used for 
data characters. 

The two error checking characters 
carry the binary total, on a modulus of 
256, of all the code combinations in a line 


Figure 6 shows the 32 combinations of 
the S-level code. At the bottom of each 
combination appears the character assign- 
ment generally used in telegraph service. 
‘Above each code combination is shown its. 
binary value expressed as a decimal 
number. 

The method of accumulating the binary 
total of all the code combinations in a line 
of data is quite simple. The different 
valued pulses of each code combination 
are fed into the corresponding stages of a 
binary counter. As shown in Figure 7, the 
first character has five marking pulses, 
which will cause the first five stages of the 
counter to set from zero to one, giving a 
total count of 31. The next character has 
only a third marking pulse. This resets 
the third stage to zero, which in turn 
causes the fourth and fifth stages to reset 
to zero. The resetting of the fifth stage to 
zero causes the sixth stage to be set to 
one, thus giving a total of 35. The next 
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has a first and second marking 
pulse. While the pulses are essentially fed 
into the counter in parallel, varying 
degrees of delay, measured in micro- 
seconds, are included in the five wires зо 
that the pulses actually arrive in the 
counter one at a time. 

It was desired in the checking system to 
restrict the binary counter to eight stages. 
‘Thus the counting is on a modulus of 256 
since each time the counter passes through 
а count of 256, it starts over at one, 

In Figure 8 we see the organization of a 
line of data (shown as black circles) with 
its checking characters (shown as open 
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side,of the counter. However, the read-out 
is made from the "zero" side of the counter 
which is set to the complement of 130. 
‘The first four bits of this complement are 
transmitted as the first, second, fourth and 
fifth pulses of the first checking character. 
‘The last four bits are transmitted as the 
first, second, fourth and fifth pulses of the 
second checking character. The third 
pulses of the two checking characters are 
always transmitted as marking pulses. 
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binations such as “blanks,” which are receives а signal that causes it to send the 
deleted by some switching systems, and next line of data. If an error is indicated, 
Que consecutive "carriage returns” or the transmitter receives ап "error" signal 
"Figure Shift H,” which are end-of-mes- that causes it to back-step its UPS to the 
sage signals in some switching systems. "carriage return” code that terminated the 


received characters into a binary counter. punches with five holes each character in 


‘carriage return" code that ter- 

it minated the checking characters of the 
— stepping its tape 
direction until it reaches 


errors. Any deviation from all stages being the values of a group of characters gives 
set to one will indicate an error. protection against the loss or repetition of 
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complete characters. If ап error is con- 
fined to one character in a line, it gives 
positive protection on errors that would be 
compensating in the parity or fixed ratio 
codes. 

At the present time, EDIT is essentially 


for point-to-point communications. How- 
ever, it is evident that it has possibilities 
for use on a complicated switching net- 
work for automatically detecting and cor- 
recting data transmission errors over each 
link of the system. 
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development of Western Union Telegraph Switching 


Systems.” 
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Atmospheres in Which We Live — 
Safe or Dangerous? 


‘Tux am which we breathe is all too often. 
taken for granted in the open, in the shop, 
in the office and in the home. Changing 
factors, especially those resulting from the 
actions of others, often affect us adversely 
unless we understand the nature of these 
factors. Ignorance of what the atmosphere 
contains frequently results in serious im- 

it to one's well-being or even loss 
of life, and in the destruction of property. 
А few facts properly evaluated should 
restore confidence as to how one may be 
safe in his environment wherever he is. 

Initially, in telegraph service, gaseous 
atmospheres were considered primarily а 
problem of the outside plant forces but 
changes in the type of some of the com- 
monly employed gases and flammable 
liquids, as well as their broadened use in 
recent years, have led to the realization 
that the problem is of serious moment to 
the inside plant forces, as well as to the 
employee in his home environment. Due 
to the fact that problems of an identical 
nature will arise in the event of a war 
emergency, these data will be of interest 
to the employee in Civil Defense and 
similar work in his home community. 

‘The increase in the dangers involved 
with explosive atmospheres caused 
Western Union to study the problem more 
‘thoroughly and to develop a simple and 
accurate method of determining the pres- 
ence of explosive gases or gaseous vapors 
in enclosed atmospheres. This method and 
the detector apparatus will be described 
later in this article. 
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Classification of Atmospheres 


Following are the four general classi- 
fications of dangerous atmospheres into 
опе or more of which an otherwise safe 
atmosphere may be quickly changed, often 
without apparent warning: 


1. Explosive or Flammable Atmospheres. 
This article describes the dangers in- 
volved where explosive atmospheres 
are encountered and indicates either 
the control or procedures which make 
for intelligent and safe action. 


2. Deficiency of Oxygen. Deficiency of 
oxygen may occur in the same atmos- 
phere containing explosive constitu- 
ents, or in an ordinary atmosphere 
where oxygen content has been re- 
duced or removed. Since deficiency of 
oxygen is often closely related to the 
explosive problem and because oxygen 
deficiency, even where explosive gases 
are not involved, can be as serious а 
any of the other three categories, the 
method of determining whether an 
atmosphere is deficient in oxygen was 
included in our investigation and it was 
found practicable to incorporate it in 
the apparatus developed for testing 
explosive atmospheres. 

3. Poisonous or Toxic Atmospheres. This 
category will not be covered in this 
article because the effects, methods of 
detection, proportions of the gas in the 
air and other factors are entirely differ- 
ent from the problems involving 
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explosive gases. Poisonous gases will, 
therefore, be covered in а separate 
article at a later date. 

4. Concentrations of Materials in the Air. 
‘This article does not consider in detail 
the problems of concentrations of 
materials in the air, referred to by 
various designations of which "smog" 
is one. That problem involves con- 
taminations in the general outside 
atmospheres of a city or local com- 
munity and, therefore, must be studied, 
considered and controlled by municipal 
or state action. This article, to the 
contrary, is more concerned with prob- 
lems involving atmospheres in confined 
or enclosed spaces where the individ- 
ual has control, or at least it is hoped 
that he will have control after an 
understanding of the gaseous atmos- 
pheres is acquired. 


Explosive Gas or Goseous Vapor 
Atmospheres 


Explosive atmospheres have been rated 
first in the foregoing group of contam- 
inated atmospheres because of the in- 
creasing dangers both in industry and in 
the home, Natural gases have been quite 
generally substituted for manufactured 
gas which circumstance, together with the 
more extensive use of flammable liquids 
such as gasoline, have gradually become 
зо common that there has arisen an 
apparent lack of the necessary respect 
which is due to substances with such 
potential hazards. 

For example, manufactured gas, often 
referred to as illuminating gas, was sup- 
plied for many years for illuminating 
Purposes, for cooking and for heating 
water. Later, the illuminating use dis- 
appeared but a start was made in space 
heating with it Now, natural gas has 
largely superseded the manufactured type 
and the quantity consumed in space heat- 
ing has greatly expanded. This general 
change in use would not be of any great 
moment if it were not for the fact that 
natural gas does not contain the poisonous 
or toxic carbon monoxide gas which is an 
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appreciable constituent of manufactured 
gas, and because of absence of this poison- 
ous constituent, the stench gas normally 
added to manufactured gas is not in 
general included in the natural gas. The 
absence of а poisonous gas, as well as of 
stench gas in the natural gas, has caused 
а quite natural tendency to pay little 
attention to the presence of the natural 
gas on the assumption that it is not 
harmful. While it is not toxic, it is 
‘explosive and herein lies the danger. 

In order to provide a background of 
some of the common gases and inflam- 
mable liquids which give off gaseous 
vapors that can cause serious fires and 
explosions, Table I supplies general data 
for the discussions which are included in 
this article. This table also lists atmos- 
pheres that may become deficient in 
oxygen, as well as some of the more usual 
sources of the gases and where they are 
frequently found, 


Characteristics of Explosive Atmospheres 


The gases or flammable liquids in con- 
tainers labeled "Explosive Gas," or "Flam- 
Table Gas,” or “Flammable Liquid,” are 
really not explosive of themselves since 
100 percent of the gas or of the gaseous 
vapor will neither explode nor burn. An 
explosive gas or gaseous vapor when 
mixed with air is, however, capable of 
forming atmospheres that are highly 
explosive. 

There are three categories of such 
gaseous air mixtures: 

(0) Nonexplosve. Incapable of exploding 

burning. (Mixtures below the 
lower limits of explosiblty.) 

(5) Explosive. (Mixtures between the 
lower and upper limits of explo- 
sibility.) 

(©) Not Explosive but capable of ex- 
ploding with the addition of air. 
(Above the upper limits of explosi- 
bility.) 

Figure 1 shows, percentagewise, for 
each of а number of common gases and 
liquids, the amount of gas or gaseous 
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ЖЫН Gasoline Vapor is an anesthetic. Liquid Gasoline is poisonous: 
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vapor by volume in а gas-air mixture that 
determines whether the mixture is below 
the lower explosive limit, in the explosive 
range or above the upper explosive limit. 
It will be noted that in many cases the 
explosive ranges, shown in black, are 
quite narrow, while the ranges for those 
mixtures above the upper limits of 
explosibility (horizontal shading) are 
wide. In the cases of hydrogen, acetylene 
and carbon monoxide this condition is 
reversed. While there are some sixteen 


100% 


Percent o Explosiva Gon in Aron More 


characteristics that are important under 
certain circumstances, two of them are 
important here; first the ignition temper- 
ature and second the vapor density. 

An explosive mixture first requires a 
temperature sufficiently high to ignite it. 
After ignition, however, gaseous mixtures 
сап propagate a flame upward, down- 
ward, or horizontally, Since the upward 
propagation is the most sensitive, it is the 
опе generally considered in most safety 
work. The statement often made that the 
temperature of ignition affects the limits 
of explosibility is not true, since the 
difference observed is not in the ignition 
temperature but in the flame propagation. 
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A certain temperature is required to ignite 
each gaseous mixture which varies only 
with the different gases. From Figure 2 it 
will be seen that the ignition tempera- 
tures, shown by Curve A, vary from a low 
‘of 495 degrees F for gasoline vapor to a 
high of 1204 degrees F for carbon 
monoxide gas-air mixtures. 

Curve B of Figure 2 shows the vapor 
densities of the same gases. Where the 
vapor density is high, the gaseous vapor 
mixture will tend to stay down near the 


floor or ground level and diffuse slowly, 
whereas a low vapor density will cause 
the mixture to rise and thus tend to diffuse 
more readily. Here again, gasoline vapor 
has one of the extreme values of the gases 
and vapors shown, with a vapor density 
of 3 to 4, while hydrogen is the lightest, 
having a vapor density of only 0.069. 

‘The upper and lower limits of explo- 
sibility shown in Figure 1 are correct for 
these gases at normal room temperatures 
when they are mixed with normal atmos- 
pheric айг. When two or more are mixed 
together, or when the proportions of any 
of the constituent gases are changed, the 
limits may change since Le Chatelier's 
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law states that the explosive range of & 
mixture of gases is dependent on the per- 
centage of the constituent gases and on 
the limits of explosibility of each con- 
stituent. This is why it is necessary in 
using most test instruments to identify 


the lower limits of explosibility can change — 
from an inert, odorless, nonpoisonow, 
mixture to a highly explosive atmosphere, 
‘with the addition of less than 1 percent of, | 
the gas, a very serious situation can be 
encountered, or avoided by a proper 
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Western Union's Detector-Indicator does 
not require either identification of the gas 
under test or calibration in order to 
determine if any hazard exists. 


Natural Gas Mixtures 


cient air (oxygen). 

‘Tt must now be apparent from Figure 1 
that since natural gas mixtures in the 
cross-shaded portion of the bar just below 


D 


understanding of the condition of such an 
atmosphere. ) 

Table II shows this condition of natural. 
gas in more detail. The maximum gas con 
tent in the group covered by Note (a) ii! 
4 percent. Now, the addition of air, even 
‘an amount as small as a fraction of 1 per 
cent, will cause this atmosphere to be 
definitely incapable of either exploding or 
burning, whereas the exact opposite would 
be true if 1 percent of the gas were added. 

АП of the gas mixtures referred to ip 
Note (b) in Table II are instantly explo 
sive and they will explode whenever the 
temperature of ignition for this gas is 
applied. 

The gas mixtures covered by Note (е) 
in Table П аге all above the upper limit of 
explosibility and therefore are not explo- 
sive, as shown. However, with all thes 
‘mixtures the addition of air reverses the 
condition and, in the case of those close te 
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TABLE П 
EXPLOSIVE CHARACTERISTICS OF NATURAL 
Gawain Mixtunes 

MixrUnes ін % 
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Nonexstosive 
Nonexpiosive 
Nonespiosive 
Norexplesive. 
Nonexpiosive (a) 


Explosive 


! mixtures described as "Not explosive 
"et explosive But become instantly 
«with the addition of the proper 


Note (e) 


the mixtures included under Note (Ъ), 
the addition of a small amount of air would 
cause them to become explosive. The mix- 
tures in the group covered by Note (с) 
need only а proportionately greater 
amount of air to make each of them ex- 
plosive; thus, the opening of а door, a 
window or manhole cover could cause all 
these mixtures to become explosive. In 
the case of explosive mixtures close to 
those of Note (a), the admission of air in 
а similar manner would produce the exact 
opposite effect. 

Reference to Figure 2 will show that the 
vapor density of natural gas is less than 
that of air so the gas will rise and diffuse 
when it is introduced into an atmosphere. 
While the ignition temperature of natural 
gas is relatively high, being only slightly 
below 1000 degrees F, a spark, a match 
or even a lighted cigarette is all that is 
needed to set off an explosion of all of the 
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gas-air mixtures which are in the explo- 
sive range. 

An illustration will serve to show that com- 
placency in the handling of natural gas is 
dangerous. In the early periods of the use of 
natural gas, it was used primarily in the 
vicinity of the ой producing fields. In the 
Texas oil fields in 1987 a new high school was 
built at New London, Texas and was heated 
with natural gas. Ten minutes before the dis- 
missal of classes on March 18, 1937, an explo- 
ssion completely wrecked the new fireproof 
building and killed 427 students and teachers. 
Today, natural gas is no longer used only in 
localized areas such as near the oil fields but 
has been piped into considerable sections of 
the country, hundreds and even thousands of 
miles from its source. 


Natural gas varies in consistency in 
various parts of the country and, conse- 
quently, its explosive limits will also vary 
slightly from the limits shown in Table II. 
‘These variations may cause a small change 
їп the lower limits of explosibility, prob- 
ably as much as 1 percent, but only about 
0.5 percent in the upper explosive limits. 
For all practical purposes, however, the 
limits of explosibility of natural gas, as 
shown in Table II, are substantially cor- 
rect. The principal constituents of two 
typical natural gases are as follows: 


w [3 
Mathane (CH). 


In these two natural gas compositions 
none of the constituent gases have char- 
acteristic odors nor do any of them have 
pungent characteristics. Most gases, how- 
ever, even if rated as odorless, after hav- 
ing been in a tank or a gas main appear to 
take on a stagnant or "dead" gas odor 
which is usually just sufficiently different 


Manufactured Ges Mixtures 
‘Manufactured gas mixtures, as shown 
їп Figure 1, have wider limits of explo- 
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sibility (5 percent to 36 percent) than 
natural gas but both have approximately 
the same lower limits. The higher upper 
limit of manufactured gas is primarily due 
10 its high hydrogen and carbon monoxide 
content, All of the constituent gases of 
manufactured gas, like natural gas, are 
devoid of characteristic odors but stench 
gas is added because of the deadly carbon 
monoxide. The stench gas is easily de- 
tectable by the presence of as little as a 
few parts per million parts of air. When- 
ever a leak occurs within an inside en- 
closure, the stench gas constitutes а very 
effective warning. Where a leak occurs in 
a street main, however, and the gas flows 
through the earth, the stench gas is often 
filtered out by the earth before it gets 
into a manhole, basement, or other en- 
closed space. Although manufactured gas 
has wider limits of explosibility than 
natural gas, its poisonous gas constituent, 
carbon monoxide, is the first and greater 
hazard. This is because carbon monoxide 
is deadly in minute quantities as low as 
0.0005 percent of the gas. On the other 
hand, to be explosive manufactured gas 
requires a minimum of 5.0 percent gas. 
‘The necessity to detect manufactured gas 
in minute concentrations due to its poi- 
sonous constituent probably accounts for 
the lesser number of explosions in its use. 
їп the past. 


Gasoline Vapor Mixtures 


Because gasoline is a typical flammable 
liquid and is so generally employed in in- 
dustry, in various forms of transportation 
and in the home, it will be treated in more 
detail than other liquids in the same gen- 
eral classification. It will be noted from 
Figure 1 that gasoline vapor mixtures 
have one of the lowest of the lower limits 
of explosibility, which is 14 percent 
Therefore, only 1.4 percent of the gasoline 
vapor mixed with 98.6 percent of air is 
needed to make an atmosphere highly ex- 
plosive. Because of its low lower limit and 
large explosive force, the Germans im- 
mediately prior to World War II experi- 
‘mented with gasoline vapors for use as the 
explosive element in bombs. 


‘The low limit of explosibility of this vapor 
has been one of the main causes of many 
accidents, Gasoline tanks when emptied of 
all gasoline are usually assumed to be safe. 
То the contrary, this is when they are very 
dangerous. An understanding of this simple 
fact could have averted danger on March 7, 
1957, when a man at Oakland, N. J, was 
cutting up old cars with his acetylene torch, 
А gasoline tank exploded, throwing him 
20 feet in the air and the man died in the 
hospital. At a small town adjacent to Cam- 
den, М. J, on April 6, 1957, two 3,000-gallon 
tanks were completely emptied of gasoline 
and removed from the ground where they 
had been buried. The tanks, fortunately in a 
remote area, exploded during the night. The 
force of the explosion rocked the entire town, 
blew out windows at considerable distances, 
and set fire to adjacent property. The tanks 
were empty but a source of ignition, plus the 
small vapor content necessary, was never- 
theless present. Най the tanks been full of 
gasoline they would not have exploded, or if 
sufficient gasoline had been present so that 
the vapor content would have been more than. 
8 percent, the tanks would not have exploded. 
‘The admission of air, instead of making th 
tanks nonexplosive, to the contrary made 
them highly explosive 

А similar action takes place in various 
gasoline engines, such as in automobiles, 
trucks, power mowers, auxiliary power 
plants, and зо forth. When the gasoline 
vapor is present between the limits of 14 
percent to 7.6 percent, the motor will fune- 
tion perfectly, but it will stall when the 
gasoline vapor proportion exceeds 7.6 рег- 
cent, or whenever it is less than 14 per- 
cent. Whenever the mixture exceeds 7.6 
percent of gaseous vapor. the motor will 
not start, or if started will not continue to 
function. By holding the accelerator of an 
engine having an automatic type choke 
completely down, air will be admitted into 
the carburetor in excess, thus causing the 
mixture to be lowered from above the 
upper limit of explosibility to within the 
explosive range. The motor will then 
readily start and continue to function. 

Thus, gasoline vavor mixed with air in 
опе case produced an exvlosive mixture 
which resulted in disaster. while in an- 
other case a similar explosive mixture 
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produced in the proper enclosure is safely 
translated into useful work. 

Another important factor which must be 
taken into consideration with vapor mix- 
tures, ahd in particular gasoline, is their 
auto-ignition temperatures. Gasoline has 
опе of the lowest ignition temperatures of 
any of the gases or gaseous vapors listed, 
namely, 495 degrees F. This temperature 
approximates soft soldering temperatures 
and means that if a gasoline tank were 
emptied of all gasoline it would not be safe 
to solder it. Even if the soldering were 
being done on the outside of the tank, the 
moment the tank wall reached a tempera- 
ture of 800 degrees F or more, an explo- 
sive gaseous vapor mixture within would 
be ignited and explode with tremendous 
force. 

While the burning of gasoline may pre- 

nt a serious threat, the explosive char- 


point of loss of life and property. One 
gallon of gasoline completely vaporized is 
equivalent to the explosive force of 87 
pounds of dynamite, and 87 pounds of 
dynamite translated into sticks is equiv- 
alent to about 350 sticks. 


‘The tremendous explosive force of gasoline 
resulted in many serious losses in the last 
war. In the early days of the war the air- 
craft carrier Lexington was torpedoed by the 
Japanese but not fatally damaged. The water- 
tight compartments had been closed after the 
Japanese attack, and the Lexington was pro- 
ceeding without list back to its base in Aus- 
tralia under its own power at 25 knots, when 
gasoline vapor explosions rocked the ship. A 

ries of explosions released more gasoline 
and other explosions continued until the 
‘communication, control and electrie power 
systems were wrecked beyond repair. Out of 
control and with explosion after explosion 
accompanied by fres, the Lexington was 
completely wrecked, ordered abandoned, and 
later sunk by torpedoes from American des- 
troyers. Thus the Lexington, paradoxically, 
was neither mortally wounded nor sunk by 
Japanese torpedoes but was destroyed by 
gasoline vapor explosions. 


In connection with this large explosive 
force of gasoline vapors, it is necessary to 
understand the difference between fires 
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and explosions. A fire can be fought at any 
time and overcome; delay in starting the 
action increases the damage, but a fire can 
be stopped. Explosions, to the contrary, 
must be either prevented or controlled, 
they cannot be stopped after they have 
been initiated. 

Consideration must be given to both fire 
and explosion in dealing with flammable 
liquids, otherwise one may find that the 
fire has been conquered only to lose all 
because the explosive element of the 
vapors and their underlying causes had 
mot been controlled. There are several 
characteristics which must be understood 
in order to deal intelligently with the 
problem: 


(1) The narrower the explosive range of the 
gaseous vapor of а flammable liquid, the 
greater the force of an explosion. Refer- 
ence to Figure 1 shows that gasoline has 
a very narrow explosive range. 


(2) A marrow explosive range combined 
with a low lower limit of explosibility 
increases the relative hazard. Reference 
to Figure 1 shows the lower limit of ex- 
plosibility of gasoline to be one of the 
lowest. 


(8) А low auto-ignition temperature in- 
creases the probability and relative haz- 
ard of an explosion. Gasoline has an 
extremely low auto-ignition tempera- 
ture, as shown by Figure 2. 

(4) A high vapor density retains the explo- 
sive vapors at the lower or floor levels of 
enclosed spaces. Gasoline vapors has 
опе of the highest vapor densities 
those shown on Figure 2. 


‘The reduction of the oxygen content of 
a gaseous vapor air mixture can be em- 
ployed to extinguish a йге; that is, reduc- 
ing the oxygen content to about 16 per- 
cent will. in general, cause a flame to be 
extinguished but, unfortunately, does not 
always guarantee the avoidance of an ex- 
plosion. Therefore, blanketing burning 
gasoline in an enclosed space with foam 
or steam may extinguish the flames by 
reduction of the oxygen content of the 
air but successive explosions offen con- 
tinue since gasoline vapors may explode 
when the oxygen content is as low as 11.5 
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percent. One method of both extinguishing 
fires and avoiding explosions is to add an 
inert gas to the atmosphere in the tank, 
‘compartment or enclosed space. The kind 
of inert gas employed would determine 
the degree of the effectiveness of this 
method which would, however, be effec- 
tive even if the temperature of ignition 
were present. 

The reduction of the oxygen content Баз 
the effect of narrowing the normal explo- 
sive range of a gaseous vapor. Therefore, 
since the process of fire extinguishment 
reduces the oxygen content, it is evident 
that such a procedure would narrow the 
explosive range to a greater extent and, 
hence, would add to the explosive force of 
the gaseous vapor mixture. This sequence 
accounts for the tremendous force of many 
gasoline vapor explosions, and the large 
damage often credited to other sources. 

Another characteristic of a vapor mix- 
ture is the effect of temperature on a 
flammable liquid. With any increase in 
temperature above normal, the limits of 
explosibility will tend to widen, reducing 
the lower limits and increasing the upper 
limits, With gasoline, for example, its 
lower limit obviously would not require 
very much reduction for it to approach 
to zero. With such a change, as reference 
to Figure 1 will show, many gasoline vapor 
mixtures which heretofore were non- 
explosive will be made explosive. Sim- 
ilarly, with a normal upper explosive limit 
of 7.6 percent increased to a higher value, 
many other mixtures that otherwise would 
have been nonexplosive would be brought 
into the widened explosive range. 

Thus, under certain conditions, the 
temperature increase will counterbalance 
the increase in explosive force mentioned 
above but the over-all hazard is not re- 
duced and may even be increased due to 
the widened limits of explosibility. 

‘The fact that gasoline is potentially ex- 
tremely dangerous should always be kept. 
in mind in dealing with it, and the fact 
that carelessness is not always penalized 
by fires or explosions, due purely to good 
fortune, should not lull one into a false 
sense of security. 


Propane Gas Mixtures 


Propane gas is being used more gen- 
erally in both industry and in the home. It 
is very desirable and burns with a hot, 
clean, smokeless flame. It is odorless and 
is free of toxic elements. However, this 
gas is dangerous because of the latter 
characteristics which, as with natural gas, 
tend to give the impression of safety 
whereas there is actually great danger 
because of its highly explosive character- 
istics. Also, as will be noted from Figure 1, 
propane has a very low limit of explo- 
sibility (24 percent) which is similar to 
gasoline, and also like gasoline аз a nar- 
row explosive range having an upper limit 
of only 95 percent. There is another char- 
acteristic of propane which makes its 
vapor mixtures particularly dangerous, 
and that is its vapor density, which is 1.59. 
Since the vapor is thus heavier than air, 
the gas will stay near the lower level of 
rooms, manholes, basements and other en- 
closures. Ventilation, therefore, must be 
applied to the lower portions of the 
enclosure, 


Hydrogen Gas Mixtures 


Hydrogen is used in laboratories, is 
readily generated in the charging of stor- 
age batteries and in electrolysis processes, 
and is employed in certain industrial ap- 
plications. Hydrogen, it will be noted from 
Figure 1, has very wide limits of explo- 
sibility at normal atmospheric tempera- 
tures. Because of the relatively low value 
of its lower limits and because of its wide 
explosive range, hydrogen is considered 
very dangerous. It is not toxic, is without 
a characteristic odor but, due to its very 


spaces. Thus, hydrogen can be injected 
into an atmosphere and all mixtures of 
that atmosphere containing from 4 percent 
to 75 percent of the gas will be explosive. 


Great care must, therefore, be exercised 
where storage batteries are being charged 
їп enclosed spaces, and where hydrogen is 
used in welding or other manufacturing 
processes. Ventilation for hydrogen, un- 
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like for propane, must be applied to the 
upper Portions or levels of an enclosure. 


Turpentine Vapor Mixtures 


‘Turpentine is widely used in enclosed 
spaces and should be handled more care- 
fully than is the usual practice. Its vapors 
are explosive at normal temperatures with 
а lower limit of explosibility lower than 
that of most industrial vapors, namely, 
08 percent. Thus, with 99.2 percent of air, 
ап explosive mixture is present at 70 de- 
grees F. Raising the temperature to 212 
degrees F reduces the lower limit to only 
0.69 percent. The auto-ignition tempera- 
ture of turpentine, like that of gasoline, is 
very low, being only 488 degrees F. 


Oxygen Deficient Atmospheres 


Oxygen deficiency can occur in an at- 
mosphere containing explosive or other 
foreign gases or it can be an atmosphere 
merely deficient in oxygen. In either case, 
it is dangerous. As explained under the 
explosive characteristics of gases, the addi- 
tion of air to an atmosphere deficient in 
oxygen can make explosive an atmosphere 
containing explosive gases above the up- 
per limit. 

А most serious situation, however, can 
result from oxygen deficiency bearing no 
relation to explosive gas atmospheres, 
which also may be the result of either 
| complacency or ignorance. It is commonly 
thought, for example, that a deficiency of 

oxygen in an otherwise normal atmos- 
| phere will result in difficult breathing and 

suffocation, and that it may ultimately 
lead to death. This is correct. Suffocation 
is usually slow and its progress can be 
reversed if discovered in time. What is not. 
generally known, however, is that where 
the oxygen content is below a critical per- 
centage that atmosphere will be just as 
dangerous as if it contained the most poi- 
sonous or explosive of gases, since the 
effects on the individual cannot be re- 
versed. In usual cases of suffocation some 
oxygen remains in the lungs, whereas 
breathing air without oxygen rapidly dis- 
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places all oxygen in the lungs, causing 
almost instant death. 

With the normal oxygen content in air 
of 21 percent lowered to a content of 
12 percent to 16 percent, the result will be 
drowsiness, headaches and gradual suf- 
focation; but when the oxygen content is 
reduced to about 6 percent the atmosphere 
will produce quick death within a shorter 
period than suffocation but still with some 
time factor being involved. This is serious 
enough, but when the oxygen content ap- 
roaches zero no appreciable time period 
is involved to produce death. It has been 
established that workmen in manholes 
have been killed practically instantan- 
«ously in such an atmosphere. Tests after- 
wards showed that canaries and hamsters 
lowered into the same atmosphere died 
instantly, although there was not even a 
trace of a poisonous or foreign gas, only 
air with its oxygen content lowered to 
3.2 percent four feet from the bottom and 
to 0.0 percent at the bottom of the man- 
hole. Thus, death from a serious deficiency 
of oxygen resulted as quickly, or even 
more quickly, than would have been the 
сазе had the atmosphere contained hydro- 
суапіс acid (HCN) which is considered 
опе of the most toxic or poisonous of all 
substances. 


Explosive Gas Detector and Oxygen 
Deficiency Indicator 


The increase in the dangers involved 
with explosive and oxygen deficient at- 
mospheres caused Western Union to give 
special consideration to safeguarding the 
lives of its employees and its property. 

‘The problem of explosive gases as affect- 
ing Western Union is somewhat different 
than that confronting many companies 
which are frequently concerned with only 
one gas or with a single flammable liquid 
vapor. Western Union, to the contrary, is 
confronted with a number of gases in- 
‘cluding natural gas, manufactured gas, en- 
тісће gas, gasoline and benzene vapors, 
propane, methane, acetylene, oxygen, hy- 
drogen, and so forth. Often the gases en- 
‘countered are in different proportions and, 
frequently, are mixtures of two or more. 
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In addition to explosive atmospheres, the 
problem of oxygen deficiency had to be 
considered. 


igure 3. Explosive gen detector ond oxygen deficiency 
indicator 


Western Union, therefore, developed a 
detector to cope with this rather broad 
range of conditions and gave it the name 
of "Explosive Gas Detector and Oxygen 
Deficiency Indicator." This Detector-Indi- 
cator, shown by Figure 3, is accurate, sim- 
ple to operate, and consists of a flame in a 
controlled enclosed space into which the 
atmosphere to be tested is introduced by 
aspiration. A somewhat similar method 
vailable but Western Union had not 
previously used it because the equipment 
was seriously inaccurate and unsafe to 
use, due to the fact that the amount of 
air introduced at the top to support the 
flame was so far in excess of that required 
by the normal flame as to seriously dilute 
the atmosphere being tested. 

Alter testing and discarding various 
commercial detectors, including the flame 
type, it was found that by introducing a 
limiting diaphragm, so designed with per- 


за 


forations as to permit the entrance о only | 
sufficient oxygen to sustain а normal test 
flame, all surplus air could be excluded, 
The perforated diaphragm was so de- 
signed that even the controlled inward 
flow of air to the normal test flame due to 
convection was, for the duration of the 
tests, completely and automatically cut 
ой by the test atmosphere when intro- 
duced into the test chamber. The latter 
action thus makes the flame a responsive 
test flame thereafter entirely dependent 
upon, and respondent only to, the atmos- | 
phere under test. 

In using the Detector-Indicator, ob. — 
servations of the behavior of the flame as | 
the atmosphere under test is aspirated | 
into the lamp indicate the presence or 
absence of explosive constituents, whether | 
‘the atmosphere is below the lower limit of 
explosibility, within the explosive range, | 
Gr above the upper limit of explosibility 


and, ive elements are present, | 
any lack of oxygen. 

If the flame rises slightly some form of 
explosive gas or gaseous vapor is present | 
but its gas-air mixture is below the lower | 
explosive linit; if it rises very high or is | 
extinguished by a small explosion the | 
‘atmosphere is within the explosive range. | 
If the flame first rises and then falls the | 
atmosphere contains explosive gas but is | 
above the upper limit of explosibility. — 

Tf the flame immediately decreases or | 
changes color a lack of oxygen is indi- | 
cated; if it is immediately ‘extinguished, 
without violence, the oxygen deficiency is ! 
serious. Obviously, if explosive gas із, 
present any lack of oxygen ‘will be masked 
фу the reaction of the explosive gas but 
the steps specified to clear the atmosphere 
‘of the gas will also remedy the oxygen 
deficiency. 

‘This apparatus is not intended to be 
taken into the atmosphere being tested 
but instead is designed to have the sam- 
pling hose introduced into the atmosphere 
"which is then aspirated into the detector. 
Even though the apparatus is safe for use 
in many „ there are some 
which contain certain gases that may be 
ignited even though the Detector is 
‘equipped with two safety devices to pre- 
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vent such a hazard. The Detector, except- 
ing the sampling hose, therefore should 
always be kept outside of any suspicious 
atmospheres. 

The Western Union Detector-Indicator 
is the only apparatus that not only tests 
for all kinds of explosive gas and oxygen 
deficient atmospheres but, in addition, in- 
dicates the condition of an atmosphere 
quantitatively to a sufficient degree to 
show: first, whether any explosive gases 
are present (including gasoline vapor in 
which the tests are made without the use 
of inhibiter-filters); second, whether the 
atmosphere, if explosive gases are present, 
is below the lower limit of explosibility; 
third, whether the atmosphere containing 
explosive gases is above the upper limit 
of explosibility (tests are made without 
the use of any air dilution system) ; fourth, 
whether the atmosphere is deficient in 
oxygen and no explosive gas is present. 
Although the apparatus does test for ox 
gen deficiency in an atmosphere contain- 
ing explosive gases, such dual test is not 
utilized because the indication of the ex- 
plosive gas hazard is a sufficient warning 
of danger. Inasmuch as all of the foregoing 
tests are made without calibration of the 
apparatus for different explosive gases or 
for the different proportions of the gas 
mixtures, the utility and simplicity of op- 
eration for the rather diverse needs con- 
fronting Western Union is apparent. 


Better Safe Than Sorry 


‘The foregoing general discussion of the 
characteristics of explosive mixtures and 
the detailed explanation of certain of the 
gases, gaseous vapor mixtures and flam- 
mable liquids, should serve as a guide to 
their safe handling as well as a general 


guide in the handling of other similar gases 
ог gaseous vapor mixtures. 

In the fighting of fires, and in the pre- 
vention or control of the causes under- 
lying explosions, a modus operandi must 
be developed which must include a de- 
tailed knowledge of each gas, flammable 
liquid or vapor, and its characteristics. 
This article is not intended to present or 
to take the place of such a modus operandi, 
but it is rather intended to assist in the 
avoidance of various conditions which may 
be, and usually are, the cause of initiating 
or precipitating either fires, explosions, or 
both. Nevertheless, sufficient data are 
given herein to show one how to act in- 
telligently if confronted with the presence 
of either an explosive gas mixture, a 
gaseous vapor mixture, or a deficiency in 
oxygen, and how to proceed in any par- 
ticularly hazardous situation, without pre- 
cipitating the very accident, fire or explo- 
sion he was hoping to prevent. 

If in an atmosphere thought to contain 
explosive gases or gaseous vapors, act cau- 
tiously, promptly and intelligently. Get 
out of the atmosphere immediately, but 
етеп then get out intelligently. Do not flip 
a switch either on or off, do not light a 
cigar, cigarette or pipe. И one is lighted, do 
not puff it as this increases the ignition 
temperature of the lighted portion. If a 
flashlight is on when the atmosphere is 
entered, let it remain on but do not switch 
it on or off within or even near the con- 
taminated atmosphere. Let an expert ad- 
vise on how to turn off electric lights, pilot 
lights, or other sources of heat in order to 
eliminate sources of ignition. In like man- 
ner, do not open doors, windows or man- 
hole covers where explosive gases are 
present unless you are sure you know that 
what you are doing is the intelligent 
course to follow under the prevailing 
circumstances. 


Mr. Mample’s biography appeared in the October 1955 
issue of Тисизїслг. Review. 
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Improved Vacuum Tube Reliability 
Through Maintenance 


Blow mice pacer, rdiogrephicexaminatio of tide pas па and vibration tang 
Ыг to eniin, bat a combinacion of shor term aging and ие dauid 


‘value. 


А CONSIDERABLE library is available on 
the subject of vacuum tubes. Theory 
application, operating characteristics, test- 
ing and many other details have been 
covered thoroughly for either the begin- 
ner or the advanced engineer. Unending 
research has been applied to the develop- 
ment of desirable functions and new tube 
types for specific purposes. Extensive re- 
ports are on record for those who are 
interested in this phase of the work. 

It is somewhat more difficult to locate 
‘material dealing with maintenance prac- 
tices and actual field operating results 
with vacuum tubes. In the maintenance of 
Western Union carrier and radio relay 
systems considerable experience has been 
accumulated which may be of interest to 
those who are less concerned with design 
but are striving to get the maximum 
return from tubes in service. 

In general, the type of tube to be used 
and the operating conditions have been 
established in the design of the equipment 
and therefore there is little that can be 
done along these lines by the man working 
to improve service reliability. However, 
this need not lead to a defeatist attitude 
that nothing can be accomplished in ob- 
taining fewer outages because of tube 
failures. Actually, many interruptions 
which might be caused by tube failures 
can be eliminated and it is possible by 
adopting a proper tube processing program 
to obtain improved circuit performance. 
D 


Tube Aging 


In a previous article! the practice d 
aging tubes at terminal stations of the 
Western Union radio relay system was 
briefly outlined. A more detailed descrip- 
tion of this routine is appropriate here 

All tubes used in the microwave system, 
except Klystrons which are subjected to 
special treatment, are first tested on а 
commercial type tube checker before 
being admitted to the aging test. Tubes 
which fail to pass the initial check because 
of defects such as low mutual conductance 
(Gq), shorts or gas are rejected at once. 
Those which are satisfactory are then 
placed in Tube Test Panel 5679 or in a 
spare radio unit where they are subjected 
to normal filament, bias and plate voltages 
for one or two weeks depending on the 
type of tube. At the end of this period 
each tube is rechecked on the tube tester 
and any which {ай to meet specifications 
are rejected. Those passing the post-aging 
test are identified with their Gn and date 
of test and become available for spares 
throughout the system. 

Tubes which are sent to other stations 
are rechecked on receipt to establish a Gn 
value on the local test set. In addition а 
second figure is noted which is 80 percent 
of the new G, and represents the level 
of Gu at which the tube is to be removed 
from service. An exception is made in the 
case of the GACT where the transconduc- 
tance may rise as the tube nears the end 
of its useful life. A filament activity test 
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is made to determine the need for discard- 
ing this type and a decrease of more than 
10 percent in G, indicates that the tube 
should be rejected. 

‘The above figures have been established 
as a guide only and no hard and fast rule 
is intended. Certain types which have a 
relatively long life with gradual deteriora- 
tion can safely be permitted to remain in 


vided for the twin triodes. The “IN” col- 
umn is for recording the G at the start 
of the aging test while the “OUT” column 
is to show the Gn upon completion of the 
test. A decrease of more than 20 percent 
between "OUT" and "IN" is cause for dis- 
carding the tube. On the reverse side of 
the form is space to record the reasons {ог 
rejection; ie, low бы, gas, shorted ele- 


TABLE 1 
Rapto Вилу System — Tuse Асно REPORT 
‘TURES PASSED 
мото. #1 xura #2 моток. #1 моток #2 
CONDUCTANCE CONDUCTANCE CONDUCTANCE CONDUCTANCE 
m н от ш «т тп ш OF м ол 
2400 — 2550 250 
2550 2500 


MUTUAL 
сонмъостамск 
me тт Он от 
б5нт GACT 5500 5500 
6SH7 6ACT 5500 5000 
65нт АСТ 5500 600 
68H? АСТ 5250 4150 
%5нт ACT 6500 5500 
SSHT SACT 6000 5250 
6SH7 вАСТ 
SHT 
9 SRAGY tubes passed 


[ 
i 


eve 
вАСТ 
вАСТ 
ACT 
SACT 
вАСТ 


1114 
ИН 


88888]: 
ЕЕРЕЕ ЧБ 


0 6H6 tubes passed 


ing data on tubes being processed. Two 
columns of mutual conductance are pro- 
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ments, burned out filaments, and so forth. 

Data obtained from these forms have 
been analyzed and Table II summarizes 
by tube types the results obtained over а 
period of one year with several hundreds 
of tubes aged. It is apparent that the per- 
centage of discarded tubes varies con- 
siderably with the type, ranging from 
3.44 percent for the GAST to 0.63 percent 
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for the SRAGY. This is not too surprising 
considering the internal construction of 
the two types. Similar data assembled 
over another equal period of time indicate 
а notable similarity in total percentages 
discarded for each type as well as in each 
category of failure. 


TABLE П 
AxLYSIS оғ Acme RESULTS 
Tum тота racrwr 
TYPE AGED PASSED REJECTED REJECTED 
SRIGY 166 1з 1 063 
SACI 30 ж зт за 
GAST 22 12 20 эмн 
6H6 WON жк E 2% 
GSHT ат 48 2 459 
вал 27 2% САР: 
бтм 129 127 2 155 
eve 10 — 1 092 
Reasons vor Resecrion — Prncent 
тизм 
‘TUBE LOW SHORT SHORT ANCE орки 


ттш 0м саз/к pjos мис 1. FILME, 
SRAGY 100. 
GACT в П. ж 
AST 25 35 0 
6H6, 100. 

GSHT 33 143 286 95 из 
SLT 100. 

6SN7 50 50. 

eve 190 


It immediately becomes apparent that 
опе goal of а good maintenance program 
has been achieved. A number of tubes 
have been culled which surely would have 
caused trouble had they been placed in 
service. This is particularly important in 
the microwave system for two major rea- 
sons. In the first place, the concentration. 
of trunk traffic enhances the need for 
trouble-free service. Secondly, a majority 
of these tubes would have been used in 
isolated, unattended relay stations where 
а failure generally means а long outage 
and very possibly calling out a maintainer. 
Maintainers are on regular duty 40 hours 
per week at relay stations or 23.8 percent 
of the time. It seems reasonable to sup- 
pose that had the 83 tubes rejected (see 
‘Table IT) as the result of aging been placed 
in service, only 23.8 percent would have 


failed during working hours while 762 
percent or 63 tubes would have failed dur. 
ing nonworking hours. Disregarding en. 
tirely the "down time" of the system аза 
factor, it is easily seen that a considerable 
direct saving has been achieved in the 
elimination of maintenance call-outs. 

The case for aging tubes before they are 
used in the telegraph carrier system is not | 
as clear-cut. Sufficient factual data are not 
available upon which to form definite con- 
clusions although indications are that 
aging cannot be justified in general. Cur- 
rently available information is that le 
than 1.5 percent of any of the carrier tu 
fail in the first two weeks of operation. 
‘The cost of an aging program which would 
reduce this figure must be balanced 
against the economies of this almost in- 
significant rate of failure. Should it be 
decided to process the thousands of tubes 
before they are sent from the warehouse, 
the labor cost would be considerable. On 
the other hand, if a program is set up for 
field checking, the cost of a large number 
of test panels might be prohibitive when 
‘compared with the results obtained. 

Another factor in any aging program 
for carrier tubes is the value from ап op- 
erating point of view. The need for proc- 
essed tubes in carrier service is relatively 
less than for the microwave system. At 
carrier installations attendants are gen- 
erally on duty who can replace failed 
tubes without delay. Frequently the fail- 
ure of a tube would interrupt only one 
channel rather than the hundreds in the 
radio relay system. Full consideration of 
these factors might indicate that the aging 
of selected types, such as those used in 
the modulating and carrier supply groups, 
would be sufficient, 


Tube Testing 

When an electronic system is placed in 
service it may be assumed that there will 
be relatively few interruptions during the 
first few months because of tube failures 
if aged tubes have been used. However, 
due to the difference in “normal” life be- 
‘tween tubes of the same type and also 
different types, it will not be long before 
failures become fortuitous in character. 
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This can lead to daily interruptions if 
there is a large number of tubes in the 
intelligence path. It is imperative that such 
disruption of traffic be avoided if possible. 

Periodie tube checks are of material 
assistance in this respect; in fact they can. 
be considered a "must" in any program 
designed to reduce outages. It is important 
that the checks be scheduled to achieve an 
optimum balance between an increasing 
number of failures resulting from infre- 
quent tests and the mechanical and man- 
made troubles which increase when tests 
are made too frequently. 

In the Western Union microwave sys- 
tem tube checks are made, in general, 
twice yearly. In certain specific cases it has 
proved necessary to reduce this interval. 
Company policy in carrier work is to 
check tubes which carry multiple chan- 
nels at six to nine month intervals in gen- 
eral. This includes carrier supply, modu- 
lator and line amplifier groups. Tubes in 
transceivers which carry only single tele- 
printer channels are not given periodic 
checks. Deterioration of signal or other in- 
dications of imminent failure can be ob- 
served and corrections made. A fortuitous 
failure at this point is not serious because 
an attendant who can quickly restore serv- 
ice by replacing a failed tube is generally 
available. 


Block Replacement 
If tubes could be obtained which would 
have a predictable and reasonably uni- 


form life expectancy, the need for periodic 
‘tube checking would be eliminated. А 
program for changing all tubes of a par- 
ticular type in the same panels would be 
feasible if one could be sure that these 
tubes had attained 85 to 90 percent of 
their useful life. Although the manufac- 
turers have accomplished a great deal in 
lengthening the life of vacuum tubes and 
have produced tubes much more capable 
of withstanding shock or vibration, there 
still seems to be а great discrepancy in 
life expectancy. The advantages of being 
able to set up a routine where all tubes 
of one type in a specific use would be 
changed at the end of 10, 15, 25 or any 
other established number of months 
should be apparent. 


Conclusions 

Procedures as described above are help- 
ful but are by no means the only practices 
which will be productive of results. Par- 
ticular requirements may need various 
treatments and there are a number of 
"fringe" conditions which may prove trou- 
blesome under certain circumstances. 
These may require specialized checks. Ex- 
рецепсе gained over many years indi- 
cates, however, that a properly conceived 
and planned maintenance program for 
vacuum tubes can be of real benefit in 
reducing circuit troubles. 


Rear Sure, G. D. 
aioe “Tech” Reve, 
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Woodman graduated from the University 


of New Hampshire in 1925 with a BS. degree in Electrical 
Engineering and immediately joined Western Union. Fol- 
lowing a training period at Red Bank, М. J., he was assigned 
to the former Eastern Division of the Plant Department. 


Here his work involved the inductive and physical coor- 


dination of electric power and Western Union lines. With 
the advent of the company into the use of carrier, he was 
associated with field developments in both equipment and 
lines. Mitigation of extraneous interference and transmis. 

sion problems of various types were also handled. In 1947 
he became a Plant Supervisor on the staff of the Director 
of Maintenance. His present position is General Mainte- 
nance Supervisor on the staff of the Assistant Vice Presi- 
dent—Maintenance and Operations. Present duties embrace 
maintenance supervision of radio relay, carrier, telecar 
radio, and Marine News reporting by radio. 
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